Traditionally, fluoroscopic examinations such as enteroclysis, upper GI studies, and small bowel follow through exams have been the procedures of choice in evaluating inflammatory bowel disease (IBD) in pediatric populations. With the advent of multidetector computed tomography (MDCT), it has subsequently become a complementary examination in imaging inflammatory bowel disease. A major advantage of MDCT over fluoroscopic examination is its ability to directly visualize bowel mucosa, as well as demonstrate extra-enteric complications of IBD such as abscesses, fistulae, and sinus tracts. The major disadvantage of CT however is exposure to ionizing radiation, especially in IBD patients of the pediatric age group who maybe repeatedly imaged due to exacerbations. As a result, magnetic resonance enterography (MRE) is becoming increasingly important in the evaluation and follow-up of pediatric patients with IBD. This pictorial essay will summarize the multi-modality imaging findings of IBD with emphasis on MRE including the imaging protocol and procedure. For the purposes of this article, patients less than 17 years of age have been considered to represent the pediatric population.
INTRODUCTION
The incidence of pediatric inflammatory bowel disease is rising in the western world. [1] Traditionally, fluoroscopic examinations, such as enteroclysis, upper GI studies, and small bowel follow through studies have been the examinations of choice in evaluation of inflammatory bowel disease (IBD) in the pediatric population. With the of MDCT, however, is the exposure to a higher dosage of ionizing radiation. A study by Jaffe et al demonstrates that effective doses are up to five times higher with MDCT when compared with small bowel follow through (SBFT) examinations. [3] This is especially important when imaging the IBD in the pediatric age group, as these patients may be repeatedly imaged due to multiple flares.
Previously, MRI had a limited role in the evaluation of bowel due to motion artifact and poor contrast resolution.
With the advent of faster techniques that are less sensitive to motion (single shot spin echo images, fat supressed breath hold images), MRE is being increasingly used for the evaluation of IBD in children as it offers a test which can be repeated and reproduced without the ill effects of repeated exposure to radiation. A study by Seung Soo lee et al demonstrated that MRE has a diagnostic effectiveness comparable to that of CT enterography. [4] Furthermore, because MRE findings have been found to correlate well with clinical evaluation, endoscopy, and histological findings, surgeons and gastroenterologists are becoming more and more comfortable ordering these exams.
Magnetic resonance enterography

Patient preparation and imaging protocol
Proper bowel distension with oral contrast is a key part of patient preparation for MRE, and crucial for a good quality, diagnostic exam. Oral contrast reduces luminal air that can cause susceptibility artifact. The ideal contrast agent stays within the bowel lumen for the duration of the exam, is absorbed minimally, and evacuated completely.
Oral contrast can be ingested or administered via a nasogastric tube. Most centers administer orally to minimize patient discomfort. In adults, several oral contrast agents have been used, however in children, only a few have been used. Biphasic agents that are low signal on T1 weighted images and high signal on T2-weighted images are used. Initially, a mixture of mannitol and polyethylene advent of multidetector computed tomography (MDCT), it subsequently became a complementary exam in imaging IBD. Radiation exposure related to MDCT, especially in the pediatric population has led to recent advances in the utilization of magnetic resonance enterography (MRE) as a tool in the evaluation of IBD. In this pictorial essay, we use case examples to highlight the strengths and weaknesses of the various imaging modalities used in the evaluation of Crohn's disease. For the purposes of this article, patients less than 17 years of age are considered to represent the pediatric population.
Pediatric inflammatory bowel disease
IBD typically presenting in teens and early twenties, is thought to have a multi-factorial etiology, involving genetic, immunologic, and infectious factors. The two major subtypes of IBD are ulcerative colitis and Crohn's disease. In children, the incidence of Crohn's disease is twice as high as ulcerative colitis. [1] This pictorial essay will focus on the multi-modality imaging findings of Crohn's disease.
IBD typically presents in late childhood and early adolescence. However, with the increase in incidence in a pediatric population, now patients are presenting at younger ages. Crohn's disease affects the bowel extending from the mouth to the anus, whereas ulcerative colitis is confined to the colon. Also, with ulcerative colitis, active lesions are contiguous, whereas skip lesions are seen with Crohn's disease. There is a higher malignant potential with ulcerative colitis, however malignancy is also associated with colonic involvement in Crohn's disease. Major complications of Crohn's disease include strictures and fistulas, and imaging studies are commonly performed to evaluate these lesions.
Traditional imaging of inflammatory bowel disease
Traditionally, fluoroscopic examinations, including upper GI studies and small bowel follow through exams were imaging studies of choice in evaluation of IBD. Flouroscopic studies provide information about intraluminal disease extension, stricture formation, wall thickening, and abnormalities in small bowel motility. [2] These exams are however limited in their ability to provide direct information regarding extra-intestinal findings of IBD, as well as the ability to directly visualize the bowel mucosa With the advent of MDCT, it has become a complementary exam in following exacerbations of IBD. MDCT is superior to fluoroscopic exams in its ability to directly visualize bowel mucosa, while also allowing for the evaluation of extra-enteric complications of IBD. A major disadvantage glycol was used as an oral contrast agent in children. Volumen, is a biphasic oral contrast agent that has been increasingly given to children. It consists of a mixture of low concentration barium and sorbitol. The role of mannitol and sorbitol in their respective formulations is to draw fluid into the bowel lumen, this is due to their high osmolarity.
Known possible adverse effects of these oral contrast agents include abdominal discomfort, cramping, nausea, vomiting, and diarrhea. Several pediatric studies have demonstrated that a total volume of up to 1000 ml, 1 hour prior to scan is optimal for good bowel distension. [5] At our institution, we have seen good results with a minimum of 800 ml Volumen.
When performing MRE examinations, anti-peristaltic agents are routinely utilized as a tool to halt peristalsis (decrease motion artifact), and reduce cramping related to oral contrast agents. In the USA, glucagon is the commonly used agent. Usually, two doses are administered. The first dose, 0.25 mg glucagon, is given subcutaneously when the patient is on the table, prior to starting the scan. The second dose, also 0.25 mg is given intravenously over 1 min, prior to gadolinium administration. [5] At our institution, we routinely omit the second dose to decrease patient discomfort, without affecting image quality.
Patients should have taken nothing by mouth (NPO) 6 hours before the examination. Patients are asked to void prior to getting on the Image interpretation MRI criteria of disease severity have been previously described as a function of wall thickness, length of diseased segment, and percentage of mural enhancement [ Table 1 ]. Disease severity is categorized as mild when a less than 5 cm segment of bowel is noted to demonstrate less than 0.5 cm wall thickness and less than 50% mural enhancement. With severe disease, a greater than 5 cm segment of bowel demonstrates more than 1 cm wall thickness and greater than 100% mural enhancement. With moderate disease, there is 0.5 to 2.0 cm wall thickening and 50-100% mural enhancement of a variable length of the bowel. [6] Figures 4a-c provide an example of severe disease based on these criteria.
When evaluating bowel wall enhancement, three factors should be taken into consideration: timing, intensity, and location. Acute disease typically presents with early, intense, and persistent enhancement. Chronic disease more typically presents with mild, delayed enhancement. Intensity of enhancement of bowel should be equal to that of the kidneys at the same vascular phase. Enhancement equivalent to or greater than renal cortex is abnormal and most often reflects the presence of inflammatory change. [6] It is also important to evaluate the location of bowel wall enhancement. Specifying whether enhancement is transmural versus limited to the mucosa allows one to differentiate active disease versus a chronic, or less acute process.
Small bowel disease
The early and late T2-weighted coronal images are important for the evaluation of small and large bowel disease. These images allow one to identify any areas of bowel wall thickening, or luminal narrowing, such as with strictures. If an abnormality is seen on the early images, it is important to re-assess the same area on the delayed images to confirm the findings. If the abnormality is not present on delayed images, the finding on the early images likely to represent a focus of peristalsis. Once an abnormality has been confirmed, evaluation of the post-contrast images is important to further characterize the abnormality. An area that demonstrates intense, early, persistent enhancement is likely to represent acute disease, whereas an area of slight enhancement seen only on the delayed images is likely to be a chronic process, such as stricture or fibrosing scar. Figure 5 illustrates a case of a young boy with known history of Crohn's disease with normal upper GI and SBFT in 2008 [ Figure 5a ]. The patient also had another prior normal upper GI study in 2006. Despite these normal studies, the patient presented with multiple relapses and elevated upper ESR levels. An MRE was performed [Figures 5b-d] and it showed evidence of a persistently thick-walled loop of the distal small bowel, with enhancement similar to that of the renal cortex. The enhancement was seen on the arterial phase and was persistent on the delayed images. In addition, mesenteric inflammatory changes and adenopathy were also seen, suggesting acute disease. Although the small bowel follow through from 2008 was normal, mesenteric inflammatory changes, if present, would not have been picked up.
Case 1
Terminal ileitis
Small bowel follow through examinations and CT studies 
Abscesses and inflammatory masses
One of the major advantages of cross-sectional imaging in the evaluation of Crohn's disease is the ability to evaluate for extra-intestinal abnormalities such as abscesses and inflammatory masses that may be missed on small bowel follow through studies.
Case 3
Figures 7a-c demonstrate a case of a patient with known history of Crohn's (diagnosed initially by small bowel follow through) found to have an inflammatory mass by MRE. Initially, a small bowel follow through was done [ Figure 7a ]. This demonstrated narrowing and separation of the terminal ileum, consistent with Crohn's disease. It is however difficult to ascertain if findings are acute or chronic based on small bowel follow through images alone. Again, the patient was treated. Figure 8c ]. The lack of surrounding inflammatory changes in the mesentery suggests findings are chronic rather than acute. Six months later, the patient presented with increased abdominal pain. At that time a second contrast enhanced CT was performed and it showed terminal ileitis as well as a focal abscess within the right lower quadrant [ Figure 8d ]. Of note, if a small bowel follow through had been repeated, this abscess would have been missed. Also, an MRE would have demonstrated the abscess without exposure to ionizing radiation. Figure 9b ]. Post-contrast images showed rim enhancement surrounding this collection, compatible with an abscess [ Figure 9c ]. This extra-intestinal finding would have been missed on a small bowel follow through examination. In addition, a CT scan would have exposed this young patient to radiation.
Fistula formation
Case 6
A 12-year-old patient with history of Crohn's disease underwent a small bowel follow through examination because of a concern about disease exacerbation. The small bowel follow through examination demonstrated at least two fistulae [ Figure 10a ]. Contrast-enhanced CT was also done and it demonstrated these fistulae between a thick-walled loop of small bowel and the colon [ Figure 10b ]. MRE was completed to further evaluate the extent of disease. Although both fistulae were also visualized by MRE, these could have been easily missed if prior fluoroscopic images were not available [Figures 10c-e].
